Introduction
Morocco is located between the arid regions of the western Sahara and the moderate Mediterranean and Atlantic regions. Landscape types reach from flat areas in the north-western part to high-mountain areas in the Atlas and Rif. Therefore, we can find a large variety of climates ranging from moderate humid and subhumid climates at the northern slope of the High Atlas over mountain climates to semiarid and arid climates south of the Atlas. In this tension field, agricultural production and local economy depend very much on water availability, and thus, mainly on rainfall variability. In the past, periods of successive dry years have repeatedly shown the vulnerability to water scarcity, which results in threatened livelihoods of farmers and nomad families living from pasturing. This leads to a stream of migrants heading towards the large cities at the Moroccan coast and even to Europe. In order to counteract the peril of water scarcity, regional planning greatly benefits from information on future climate variability. Of course, the assessment of future climate scenarios in this very heterogeneous region is still a challenge for the climate research community. In this study, the actual state of climate research in IMPETUS West-Africa with respect to rainfall and temperature variability and of research on future climate scenarios is illustrated.
We start with an overview of available information from observational data and a few remarks on their quality. In the second part, results of regional climate modelling (RCM) are discussed with respect to future climate variability especially in regions south of the Atlas Mountains, where the water stress is clearly the limiting factor of agricultural production.
Moroccan Climate: A Short Survey of Observational Data
An analysis of climate and climate variability always starts with the acquisition of observational information in the region of interest. In Morocco, the density and quality of observations is better than in most other parts of Northern Africa, but still relatively sparse when we think of the spatial heterogeneity of climates. The first and most important source of information stems from SYNOP weather stations, which contribute to the WMO network and deliver data of a relatively high quality standard for several decades now. Unfortunately, most stations in Morocco and the western parts of Algeria are located north of the Atlas Mountains, which leaves a lack of information exactly in the southern region, where the impact of a climate shift is expected to be very strong (Fig. 1.3.1) . The SYNOP data can be extended by information from individual climate stations operated by regional water management facilities and also by IMPETUS West-Africa, but the quality standard and temporal completeness of these data is not as high as for SYNOPs. Therefore, these data are mainly used to control the quality of derived climate products and do not contribute to the description of regional climates in Morocco.
In order to generate spatially distributed information on near-surface climates, the observations have to be interpolated with adequate statistical techniques. Two projects have produced world-wide data sets of climate-related meteorological parameters from a large number of available observations, which have a spatial resolution of at least 0.5° longitude and latitude. These are climate data from the Cli- Fig. 1.3.1 .
SYNOP and climate stations in Morocco and the western part of Algeria. Circles represent the locations of the stations, numbers the observed 1961-1990 mean annual rainfall sum in mm.
